
Seismic�Hazard�in�the�
Sacramento�San�Joaquin�Delta

Sacramento,�CA
January 28 2011January�28,�2011
Dr.�David�P.�Schwartz
Dr.�Jon�P.�Fletcher
Dr.�Russel�Graymer

Agenda Item 15 
PowerPoint Presentation



La
te
ra
l�

sp
re
ad
:1
99

5
M

sp
re
ad
:1
99

5,
�M

�
6.
9�

Ko
be

Ja
pa
n

A
ge

nd
a 

Ite
m

 1
5 

P
ow

er
P

oi
nt

 P
re

se
nt

at
io

n



La
te
ra
l�S
pr
ea
d:
�1
94
0,
�M

7.
0,
�

Im
pe

ri
al
�V
al
le
y,
�C
A

19
40
�E
l�C
en
tr
o�
Ea
rt
hq

ua
ke

A
ge

nd
a 

Ite
m

 1
5 

P
ow

er
P

oi
nt

 P
re

se
nt

at
io

n



Ti
tle

G
oe

s
H
er
e

La
te
ra
l�S
pr
ea
d:
�2
01

0,
�M

7.
2�
Si
er
ra
�E
l�M

ay
or
�

Cu
cu
pa
h,
�B
aj
a�
BC Ti
tle

�G
oe

s�
H
er
e

•
Te
xt
go
es

he
re

Te
xt
�g
oe

s�
he

re

•
Te
xt
�g
oe

s�
he

re
T

t
h

–
Te
xt
�g
oe

s�
he

re

Ph
ot
o:
�H
st
en

ne
r,�
Ex
po

ne
nt
��

A
ge

nd
a 

Ite
m

 1
5 

P
ow

er
P

oi
nt

 P
re

se
nt

at
io

n



A
ge

nd
a 

Ite
m

 1
5 

P
ow

er
P

oi
nt

 P
re

se
nt

at
io

n



Re
gi
on

al
�h
az
ar
d�
is
�d
ri
ve
n�
by

sl
ip
�b
et
w
ee
n�
th
e�
Pa
ci
fic
�a
nd

�

N
or
th
�A
m
er
ic
an
�P
la
te
s

at
a
ra
te

of
~4
0m

m
/y
r

at
�a
�ra

te
�o
f�

40
m
m
/y
r

Pa
cif

ic
pl

at
e

p

A
ge

nd
a 

Ite
m

 1
5 

P
ow

er
P

oi
nt

 P
re

se
nt

at
io

n



N
or
th
er
n�
Ca
lif
or
ni
a�
an
d�
th
e�
gr
ea
te
r�
Ba
y�

A
re
a
ha
ve

ex
pe

ri
en

ce
d
lo
w
er

th
an

av
er
ag
e

A
re
a�
ha
ve
�e
xp
er
ie
nc
ed

�lo
w
er
�th

an
�a
ve
ra
ge
�

se
is
m
ic
�a
ct
iv
ity

�fo
r�
th
e�
pa
st
�1
05

�y
ea
rs
.�T
hi
s�

re
fle

ct
s
th
e
re
gi
on

al
st
re
ss
re
le
as
e

re
fle

ct
s�
th
e�
re
gi
on

al
�s
tr
es
s�
re
le
as
e�

as
so
ci
at
ed

�w
ith

�th
e�
19

06
�S
an
�F
ra
nc
is
co
�

ea
rt
hq

ua
ke

ru
pt
ur
e.
Th
e
re
gi
on

al
ea
rt
hq

ua
ke
�r
up

tu
re
.�T
he

�re
gi
on

al
�

su
pp

re
ss
io
n�
in
�e
ar
th
qu

ak
e�
ra
te
�is
�re

fe
rr
ed

�to
�

as
th
e
“1
90
6
st
re
ss
sh
ad
ow

.”
as
�th

e�
19
06
�s
tr
es
s�
sh
ad
ow

.

M
od

el
in
g
in
di
ca
te
s
th
at

th
e
th
e
st
re
ss

M
od

el
in
g�
in
di
ca
te
s�
th
at
�th

e�
th
e�
st
re
ss
�

sh
ad
ow

�h
as
�d
is
si
pa
te
d�
an
d�
ra
te
s�
of
�

m
od

er
at
e
to

la
rg
e
ea
rt
hq

ua
ke
s
w
ill
in
cr
ea
se
,

m
od

er
at
e�
to
�la
rg
e�
ea
rt
hq

ua
ke
s�
w
ill
�in
cr
ea
se
,�

ce
rt
ai
nl
y�
w
ith

in
�th

e�
ne
xt
�1
00

�y
ea
rs
.�

A
ge

nd
a 

Ite
m

 1
5 

P
ow

er
P

oi
nt

 P
re

se
nt

at
io

n



H
is
to
ri
ca
l�S
ei
sm

ic
ity

�
Sa
n�
Fr
an
ci
sc
o�
Ba
y�
Re

gi
o

A
ge

nd
a 

Ite
m

 1
5 

P
ow

er
P

oi
nt

 P
re

se
nt

at
io

n



H
is
to
ri
ca
l�S
ei
sm

ic
�E
ne

rg
y�
A
cc
um

ul
at
io
n�
an
d�
Re

le
as
e

in
�th

e�
SF
�B
ay
�R
eg
io
n

in
th
e
SF

ay
Re

gi
on

cm

19
06

�
ST
RE

SS

M0, dyne-c

ST
RE

SS
�

SH
A
D
O
W

umulativeM Cu

A
ge

nd
a 

Ite
m

 1
5 

P
ow

er
P

oi
nt

 P
re

se
nt

at
io

n



D
at
in
g�
pr
e�
hi
st
or
ic
�e
ar
th
qu

ak
es

N
O
RT

H
ER

N
�H
AY
W
A
RD

�(H
N
)�f
au
lt

M
ira

�V
is
ta

go
lf�
co
ur
se

El
�C
er
ri
to
,�C
A

16
70
�1
77
6

17
05

A
ge

nd
a 

Ite
m

 1
5 

P
ow

er
P

oi
nt

 P
re

se
nt

at
io

n



Th
e�
ne
xt
la
rg
e�
ea
rt
hq

ua
ke
s?

So
m
et
im

es
�th

e�
pl
at
e�
bo

un
da
ry
�s
tr
es
s�
is
�re

le
as
ed

�a
s�
a�
gr
ea
t�e

ar
th
qu

ak
es
�li
ke
�1
90

6;
�

ot
he

r�
tim

es
�it
�is
��r
el
ea
se
d�
in
�te

m
po

ra
l�c
lu
st
er
s�
of
�la
rg
e�
ea
rt
hq

ua
ke
�s
uc
h�
as
�th

e�
on

e�
th
at
�o
cc
ur
re
d�
be

tw
ee
n�
~1
70

0�
17

76
.�W

e�
ex
pe

ct
�th

e�
co
m
in
g�
de

ca
de

s�
to
�p
ro
du

ce
�

la
rg
e�
ev
en
ts
�o
n�
in
di
vi
du

al
�re

gi
on

al
�fa
ul
ts
�ra

th
er
�th

an
�a
�re

pe
at
�o
f�1

90
6

A
ge

nd
a 

Ite
m

 1
5 

P
ow

er
P

oi
nt

 P
re

se
nt

at
io

n



ne
xt
�3
0�
ye
ar
s

A
ge

nd
a 

Ite
m

 1
5 

P
ow

er
P

oi
nt

 P
re

se
nt

at
io

n



Th
e�
pr
im

ar
y�
so
ur
ce
s�
of
�s
tr
on

g�
gr
ou

nd
m
ot
io
n
fo
r
th
e
D
el
ta
,

gr
ou

nd
�m

ot
io
n�
fo
r�
th
e�
D
el
ta
,�

ce
rt
ai
nl
y�
w
ith

in
�th

e�
ne
xt
�1
00
�y
ea
rs
,�

ar
e
th
e
la
rg
e
pl
at
e
bo

un
da
ry

fa
ul
ts

ar
e�
th
e�
la
rg
e�
pl
at
e�
bo

un
da
ry
�fa
ul
ts
�

in
�th

e�
Ba
y�
A
re
a,
�p
ar
tic
ul
ar
ly
�th

os
e�

i
th

E
tB

in
�th

e�
Ea
st
�B
ay
.�

Th
e�
Ea
st
�B
ay
�fa
ul
t�g

ro
up

�in
cl
ud

es
�

th
e�
H
ay
w
ar
d,
�n
or
th
er
n�
Ca
la
ve
ra
s,
�

y
,

,
G
re
en
vi
lle
,�a
nd

�C
on

co
rd
�G
re
en

�
Va
lle
y
st
ri
ke
�s
lip

fa
ul
ts
an
d
th
e
M
t

Va
lle
y�
st
ri
ke

sl
ip
�fa
ul
ts
�a
nd

�th
e�
M
t.
�

D
ia
bl
o�
bl
in
d�
th
ru
st
�fa
ul
t.
��

A
ge

nd
a 

Ite
m

 1
5 

P
ow

er
P

oi
nt

 P
re

se
nt

at
io

n



Pl
at
e�
Bo

un
da
ry
�F
au
lt�
Sy
st
em

�fr
om

D
el
ta
�P
er
sp
ec
tiv
e

A
ge

nd
a 

Ite
m

 1
5 

P
ow

er
P

oi
nt

 P
re

se
nt

at
io

n



A
W
C

C
D

H
ay
w
ar
d�
fa
ul
t

M
6.
8�
7.
0

14
0�
15
0
yr

P

D
14

0
15
0�
yr

18
68

31
%

L

20
36

�fr
om

�U
SG

S�
O
pe

n�
Fi
le
�R
ep

or
t�2

00
7�
14

37
�

A
ge

nd
a 

Ite
m

 1
5 

P
ow

er
P

oi
nt

 P
re

se
nt

at
io

n



W
C

C

D
18
61

A

P

D
M
~6
.0

L
Ca
la
ve
ra
s�
(N
or
th
er
n)

M
6.
8

18
0�
40
0�
yr

17
40

6%6%

20
36

�fr
om

�U
SG

S�
O
pe

n�
Fi
le
�R
ep

or
t�2

00
7�
14

37
�

A
ge

nd
a 

Ite
m

 1
5 

P
ow

er
P

oi
nt

 P
re

se
nt

at
io

n



W
C

C

D
A

P

D

19
80

L

G
ill

f
l

19
80

M
5.
7,
�5
.8

G
re
en
vi
lle
�fa
ul
t�

6.
9,
�2
20

�5
40

�y
r

�
21

0
yr

��
21

0�
yr

3�
(1
0)
%

20
36

�fr
om

�U
SG

S�
O
pe

n�
Fi
le
�R
ep

or
t�2

00
7�
14

37
�

A
ge

nd
a 

Ite
m

 1
5 

P
ow

er
P

oi
nt

 P
re

se
nt

at
io

n



W
C

C

D
A

P

D

M
t.
�D
ia
bl
o�
th
ru
st
�

L
6.
7

39
0�
yr

��
21

0�
yr

��
1�
(�
3)
%

20
36

�fr
om

�U
SG

S�
O
pe

n�
Fi
le
�R
ep

or
t�2

00
7�
14

37
�

A
ge

nd
a 

Ite
m

 1
5 

P
ow

er
P

oi
nt

 P
re

se
nt

at
io

n



Bl
in
d�
Th
ru
st

F
lt

Fa
ul
ts

w
e�
di
dn

’t
�k
no

w
�th

ey
�w
er
e�
th
er
e

Co
al
in
ga
�1
98

3,
�M

�6
.7

W
hi
tt
ie
r�
N
ar
ro
w
s�
19
87
,�M

�5
.9

Lo
m
a�
Pr
ie
ta
�1
98

9,
�M

6.
9�

No
rth

rid
ge

 19
94

  M
67

No
rth

rid
ge

 19
94

,M
6.7

A
ge

nd
a 

Ite
m

 1
5 

P
ow

er
P

oi
nt

 P
re

se
nt

at
io

n



Co
nc
or
d�
G
re
en

�V
al
le
y

M
6
7

M
6.
7

22
0�
yr

17
05

17
05

3�
(7
)%

O
ct
ob

er
�2
3,
�1
95

5
M
�5
.4

$$1
M

1�
fa
ta
lit
y

P
b
bi
lit

b
20

36
f

U
SG

S
O

Fi
l
R

t2
00

7
14
37

A
ge

nd
a 

Ite
m

 1
5 

P
ow

er
P

oi
nt

 P
re

se
nt

at
io

n



A
ge

nd
a 

Ite
m

 1
5 

P
ow

er
P

oi
nt

 P
re

se
nt

at
io

n



Fa
ul
ts
�B
en

ea
th
�th

e�
D
el
ta
�a
nd

�A
lo
ng
�th

e�
D
el
ta
�M

ar
gi
n

M
or
to
n�
A
rc
h�
zo
ne

�
0.
1

6.
5

M
on

te
zu
m
a
H
ill
s
zo
ne

0
25

6
25

Sl
ip
�R
at
e

m
m
/y
r

M
ea
n�
Ex
pe

ct
ed

�
M
ag
ni
tu
de

M
on

te
zu
m
a�
H
ill
s�
zo
ne

0.
25

6.
25

N
or
th
er
n�
M
id
la
nd

�z
on

e
0.
5

6.
25

So
ut
he

rn
�m

id
la
nd

�fa
ul
t�(
bl
in
d)

0.
5

6.
6

Pi
tt
sb
ur
gh
�K
ir
by
�H
ill
s�
fa
ul
t�(
bl
in
d)
���
���
���
���
�0
.5

6.
5

Th
es
e�
ar
e�
no

t�w
el
l�

CR
SB
�G
or
do

n�
Va
lle
y�
fa
ul
t�(
bl
in
d)

1.
25

�
6.
5�
6.
8

CR
SB
�T
ro
ut
�C
re
ek
�fa
ul
t�(
bl
in
d)
���
���
���
���
���
���
�1
.2
5

6.
5

Lo
s�
M
ed

an
os

(b
lin
d)
���
���
���
���
���
���
���
���
���
���
���
���
0.
5

6.
0�
6.
5

W
es
te
rn

Tr
ac
y
(b
lin
d)

0.
5

6.
5

ch
ar
ac
te
ri
ze
d

Lo
w
ra
te
s
of

W
es
te
rn
�T
ra
cy
�(b

lin
d)
���
���
���
���
���
���
���
���
���
���
���
�0
.5
�

6.
5

Ve
rn
al
is
fa
ul
t�(
bl
in
d)
���
���
���
���
���
���
���
���
���
���
���
���
0.
25

6.
25

Po
tr
er
o
H
ill
s�
(b
lin
d)
���
���
���
���
���
���
���
���
���
���
���
���
�0
.3

6.
0

CR
SB
�M

ys
te
ri
ou

s�
Ri
dg
e�
���
���
���
���
���
���
���
���
���
��1
.0

6.
5

C
d

li
f

lt
0
6

6
6

Lo
w
�ra

te
s�
of
�

ac
tiv

ity
�(s
lip
�ra

te
s)
�

=�
re
cu
rr
en

ce
�

Co
rd
el
ia
fa
ul
t��
���
���
���
���
���
���
���
���
���
���
���
���
���
���
���
�0
.6

6.
6

W
ag
g�
Ca

ny
on

�fa
ul
t�

0.
3

6.
5

M
id
w
ay
�fa
ul
t

0.
5

6.
5

Bl
ac
k�
Bu

tt
e�
fa
ul
t�

0.
5

6.
5

in
te
rv
al
s�
��
10

00
�y
r

O
re
st
im

ab
a
fa
ul
t��

0.
4

6.
7

A
ge

nd
a 

Ite
m

 1
5 

P
ow

er
P

oi
nt

 P
re

se
nt

at
io

n



Ex
te
nd

in
g�
th
e�
ti
m
e�

g
fr
am

e�
ou

t�t
o�
50
0�
ye
ar
s�

th
e�
sm

al
le
r�
fa
ul
ts
�c
lo
se
r�

to
th
e
D
el
ta

al
so

be
gi
n

to
�th

e�
D
el
ta
�a
ls
o
be

gi
n�

to
�c
on

tr
ib
ut
e�
to
�th

e�
ha

za
rd

A
ge

nd
a 

Ite
m

 1
5 

P
ow

er
P

oi
nt

 P
re

se
nt

at
io

n



H
is
to
ri
ca
l�e
ve
nt
s�

on
�D
el
ta
�fa
ul
ts
:

18
92

�V
ac
av
ill
e�

W
in
te
rs

W
in
te
rs
�

Ea
rt
hq

ua
ke
s

A
pr
il
19

M
~6

5
A
pr
il�
19
��M

�
6.
5

A
pr
il�
21

��M
�~
6.
2

A
ge

nd
a 

Ite
m

 1
5 

P
ow

er
P

oi
nt

 P
re

se
nt

at
io

n



Ba
y�
A
re
a�
Ea
rt
hq

ua
ke
�P
ro
ba
bi
lit
ie
s

W
G
03

�2
00

3�
20

32
U
CE

RF
�2
00

7�
20

36

A
ge

nd
a 

Ite
m

 1
5 

P
ow

er
P

oi
nt

 P
re

se
nt

at
io

n



Ea
st
�B
ay

La
rg
e�
M
ag
ni
tu
de

�
Ea
rt
hq

ua
ke
�P
ro
ba
bi
lit
ie
s

20
07
�2
03
6�

40
%
�

(5
0%

)

Pr
ob

ab
ili
ty
�b
y�
20

36
�(r
ed

)�i
s�
�c
al
cu
la
te
d�
fr
om

�U
SG

S�
O
pe

n�
Fi
le
�R
ep

or
t�2

00
7�

14
37

;p
ro
ba
bi
lit
y
in
bl
ac
k
is
po

ss
ib
le
hi
gh
er

va
lu
e
fr
om

ne
w
fa
ul
ts
lip

ra
te

da
ta

A
ge

nd
a 

Ite
m

 1
5 

P
ow

er
P

oi
nt

 P
re

se
nt

at
io

n



Ea
st
�B
ay

d
l

(
h

)
La
rg
e�
M
ag
ni
tu
de

�
Ea
rt
hq

ua
ke
�P
ro
ba
bi
lit
ie
s

20
07
�2
03
6�

Ca
la
ve
ra
s�
(N
or
th
er
n)

M
6.
8,
�1
80

�4
00

�y
r

17
40

6%

15
%

(2
7%

)

ro
ba
bi
lit
y�
by
�2
03

6�
(r
ed

)�i
s�
�c
al
cu
la
te
d�
fr
om

�U
SG

S�
O
pe

n�
Fi
le
�R
ep

or
t�2

00
7�
14

37
;�

ro
ba
bi
lit
y
in
bl
ac
k
is
po

ss
ib
le
hi
gh
er

va
lu
e
fr
om

ne
w
fa
ul
ts
lip

ra
te

da
ta

A
ge

nd
a 

Ite
m

 1
5 

P
ow

er
P

oi
nt

 P
re

se
nt

at
io

n



Pr
ob

ab
ili
ty
�o
f�M

�6
.7
�E
ar
th
qu

ak
es
�in
�th

e�
Ba
y
A
re
a
in
Va
ri
ou

s
Ex
po

su
re

Ti
m
es

Ba
y�
A
re
a�
in
�V
ar
io
us
�E
xp
os
ur
e�
Ti
m
es

U
SG

S�
O
pe

n�
Fi
le
�R
ep

or
t�0

3�
21

4

A
ge

nd
a 

Ite
m

 1
5 

P
ow

er
P

oi
nt

 P
re

se
nt

at
io

n



A
ge

nd
a 

Ite
m

 1
5 

P
ow

er
P

oi
nt

 P
re

se
nt

at
io

n



M
od

ifi
ed

�M
er
ca
li�
In
te
ns
ity

�(M
M
I)�
Sh
ak
in
g�
Es
tim

at
es
�in
�

D
el
ta

fr
om

La
rg
e,
D
is
ta
nt

H
is
to
ri
ca
lE
ar
th
qu

ak
es

D
el
ta
�fr
om

�L
ar
ge
,�D

is
ta
nt
�H
is
to
ri
ca
l�E
ar
th
qu

ak
es

19
06

�S
an
�A
nd

re
as

18
68

�H
ay
w
ar
d

A
ge

nd
a 

Ite
m

 1
5 

P
ow

er
P

oi
nt

 P
re

se
nt

at
io

n



A
pr
il�
18
,�1
90
6,
�S
an
�F
ra
nc
is
co
�E
ar
th
qu

ak
e�
�M

�7
.9

39
°

38
°

38
°

37
°

�1
21
°

�1
22
°

�1
23
°

Bo
at
w
ri
gh
t�a

nd
�B
on

do
ck

(2
00
6)

A
ge

nd
a 

Ite
m

 1
5 

P
ow

er
P

oi
nt

 P
re

se
nt

at
io

n



lle
ve
e

ho
te
l

br
id
ge

A
ge

nd
a 

Ite
m

 1
5 

P
ow

er
P

oi
nt

 P
re

se
nt

at
io

n



O
ct
ob

er
�2
1,
�1
86

8,
�H
ay
w
ar
d�
Fa
ul
t��
Ea
rt
hq

ua
ke
��M

�6
.8

39
°

38
°

37
°

�1
21
°

�1
22
°

�1
23
°

Bo
at
w
ri
gh
t�a

nd
�B
on

do
ck

(2
00
8)

A
ge

nd
a 

Ite
m

 1
5 

P
ow

er
P

oi
nt

 P
re

se
nt

at
io

n



Ri
o�
Vi
st
a

A
nt
io
ch

A
ge

nd
a 

Ite
m

 1
5 

P
ow

er
P

oi
nt

 P
re

se
nt

at
io

n



A
ge

nd
a 

Ite
m

 1
5 

P
ow

er
P

oi
nt

 P
re

se
nt

at
io

n



A
ge

nd
a 

Ite
m

 1
5 

P
ow

er
P

oi
nt

 P
re

se
nt

at
io

n



EM
R

SR
T

Pr
es
en
t�U

SG
S�
D
el
ta
�s
ei
sm

ic
�n
et
w
or
k�
an
d�
ea
rt
hq

ua
ke
s�
it�
ha
s�
re
co
rd
ed

BD
M

W
H
R

ST
F

SR
T

SM
T

H
O
L

CE
C

BY
R

PL
A

W
H
R

9/
6/
08
�M

4.
1

6/
8/
09
�M

3.
5 12

/9
/0
8�
M
3.
5

3/
8/
09

M
3
5

3/
30
/0
9
M
4
3

3/
8/
09
�M

3.
5

3/
30
/0
9�
M
4.
3

4/
30
/0
9�
M
3.
5

U
tm

�(m
)

A
ge

nd
a 

Ite
m

 1
5 

P
ow

er
P

oi
nt

 P
re

se
nt

at
io

n



Th
er
e�
ar
e�
~1
,1
00
�m

ile
s�
of
�le
ve
es
�

in
�th

e�
D
el
ta

Th
e�
CA

LF
ED

�D
RM

S�
re
po

rt
�

gr
ad

es
�m

os
t�o

f�t
he

�D
el
ta
�

le
ve
es

as
hi
gh
ly
vu
ln
er
ab

le
le
ve
es
�a
s�
hi
gh
ly
�v
ul
ne

ra
bl
e

w
he

re
�a
n�
M
6.
5�
ea
rt
hq

ua
ke
�

th
at
�p
ro
du

ce
s�
PG

A
��
�1
8%

�g
co
ul
d
ca
us
e
fa
ilu

re
th
at

co
ul
d�
ca
us
e�
fa
ilu

re
�t
ha

t�
br
ea
ch
es
�th

e�
le
ve
e�

A
ge

nd
a 

Ite
m

 1
5 

P
ow

er
P

oi
nt

 P
re

se
nt

at
io

n



CG
V

CG
V

G

CC
H

A
ge

nd
a 

Ite
m

 1
5 

P
ow

er
P

oi
nt

 P
re

se
nt

at
io

n



Th
er
e�
ar
e�
~1
,1
00
�m

ile
s�
of
�le
ve
es
�

in
�th

e�
D
el
ta

Th
e�
CA

LF
ED

�D
RM

S�
re
po

rt
�

gr
ad
es
�m

os
t�o

f�t
he

�D
el
ta
�

le
ve
es

as
hi
gh
ly
vu
ln
er
ab
le

le
ve
es
�a
s�
hi
gh
ly
�v
ul
ne

ra
bl
e

w
he

re
�a
n�
M
6.
5�
ea
rt
hq

ua
ke
�

th
at
�p
ro
du

ce
s�
PG

A
��
�1
8%

�g
co
ul
d
ca
us
e
fa
ilu
re

th
at

co
ul
d�
ca
us
e�
fa
ilu
re
�th

at
�

br
ea
ch
es
�th

e�
le
ve
e�

A
ge

nd
a 

Ite
m

 1
5 

P
ow

er
P

oi
nt

 P
re

se
nt

at
io

n



D
RM

S�
st
ud

y�
is
�a
�s
ta
rt
in
g�
po

in
t:

F
lt

h
t

i
ti

b
d

i
ti

d
t

t
Fa
ul
t�c
ha
ra
ct
er
iz
at
io
n�
ba
se
d�
on

�e
xi
st
in
g�
da
ta
�a
t�

tim
e�
of
�D
RM

S.
�D
el
ta
�fa
ul
ts
�a
nd

�G
re
at
�V
al
le
y/
Co

as
t�

Ra
ng
e
m
ar
gi
n
fa
ul
ts
po

or
ly
co
ns
tr
ai
ne

d
Ea
rt
hq

ua
ke

Ra
ng
e�
m
ar
gi
n�
fa
ul
ts
�p
oo

rl
y�
co
ns
tr
ai
ne

d.
�E
ar
th
qu

ak
e�

re
cu
rr
en

ce
�ra

te
s�
m
ay
�b
e�
hi
gh
er
�o
n�
G
re
en
vi
lle
,�M

t.
�

D
ia
bl
o,
�C
on

co
rd
�C
on

co
rd
�G
re
en

�V
al
le
y�
fa
ul
ts
;

y

Le
ve
e�
vu
ln
er
ab
ili
ty
�e
st
im

at
es
�O
K;

Th
e�
m
od

el
�fo

r�
ex
pe

ct
ed

�s
ha
ki
ng
�u
se
s�
st
an
da
rd
�

at
te
nu

at
io
n
cu
rv
es

th
at

ac
co
un

tf
or

di
st
an
ce

fr
om

at
te
nu

at
io
n�
cu
rv
es
�th

at
�a
cc
ou

nt
�fo

r�
di
st
an
ce
�fr
om

�
an
�e
ar
th
qu

ak
e�
so
ur
ce
�a
nd

�a
ss
um

ed
�p
ro
pe

rt
ie
s�
of
�

th
e�
u p

pe
r�
30

m
.�T
hi
s�
is
�a
n�
un

te
st
ed

�a
ss
er
tio

n�
fo
r�
th
e�

pp
D
el
ta
.�T
he

�li
ne

ar
�b
an
ds
�o
f�u

ni
fo
rm

�g
ro
un

d�
m
ot
io
n�

th
is
�g
en

er
at
es
�a
re
�li
ke
ly
�u
nr
ea
lis
tic
.

A
ge

nd
a 

Ite
m

 1
5 

P
ow

er
P

oi
nt

 P
re

se
nt

at
io

n



U
nc
er
ta
in
tie

s�
no

t�p
re
se
nt
ly
�in
co
rp
or
at
ed

�in
to
�e
xi
st
in
g�

gr
ou

nd
�m

ot
io
n�
es
tim

at
es
�a
re
:

3D
�g
eo

lo
gy
�o
f�t
he

�D
el
ta
�a
nd

�it
s�
w
es
te
rn
�m

ar
gi
n;

Va
lle
y�
ed

ge
�e
ff
ec
ts
�o
n�
gr
ou

nd
�m

ot
io
n;

Va
ri
at
io
n�
in
�d
is
tr
ib
ut
io
n�
of
�m

at
er
ia
l�p
ro
pe

rt
ie
s�

th
ro
ug
ho

ut
�th

e�
D
el
ta
�;

Ba
si
n�
ef
fe
ct
s:
�a
m
pl
ifi
ca
tio

n�
an
d�
in
cr
ea
se
d�
du

ra
tio

n�
of
�

sh
ak
in
g

sh
ak
in
g�

IN
CL
U
D
IN
G
�T
H
ES
E ,
�R
ES
U
LT
IN
G
�G
RO

U
N
D
�M

O
TI
O
N
S�
A
RE

�
,

LI
KE
LY
�T
O
�B
E�
H
IG
H
ER

�T
H
A
N
�T
H
O
SE
�P
RE

SE
N
TL
Y�
M
O
D
EL
ED

IN
�S
O
M
E�
PA

RT
S�
O
F�
TH

E�
D
EL
TA

A
ge

nd
a 

Ite
m

 1
5 

P
ow

er
P

oi
nt

 P
re

se
nt

at
io

n



W
ha
t�D

oe
s�
th
e�
U
SG

S�
N
ee
d�
to
�D
o�
in
�th

e�
D
el
ta
�to

�
Be

tt
er

D
ef
in
e
th
e
Se
is
m
ic
H
az
ar
d?

Be
tt
er
�D
ef
in
e�
th
e�
Se
is
m
ic
�H
az
ar
d?

1)
re
fin

e
es
tim

at
es

of
ea
rt
hq

ua
ke

pr
ob

ab
ili
ty
on

ne
ar
by

fa
ul
ts

1)
re
fin

e�
es
tim

at
es
�o
f�e

ar
th
qu

ak
e�
pr
ob

ab
ili
ty
�o
n�
ne

ar
by
�fa
ul
ts
,�

pa
rt
ic
ul
ar
ly
�th

e�
G
re
en
vi
lle
,�M

t.
�D
ia
bl
o,
�C
on

co
rd
�G
re
en

�V
al
le
y�

fa
ul
ts
;�

2)
re
co
rd
�g
ro
un

d�
m
ot
io
n�
in
�th

e�
D
el
ta
;

3)
as
se
ss
�th

e�
su
rf
ac
e�
ge
ol
og
y�
an
d�
ge
ot
ec
hn

ic
al
pr
op

er
tie

s�
of
�th

e�
le
ve
es
;�

4)
ex
te
nd

�th
e�
3D

�g
eo

lo
gi
c�
m
od

el
�e
as
tw

ar
d;

5)
i

h
k

d
i

5)
co
m
pu

te
�s
ce
na
ri
o�
ea
rt
hq

ua
ke
�g
ro
un

d�
m
ot
io
ns

A
ge

nd
a 

Ite
m

 1
5 

P
ow

er
P

oi
nt

 P
re

se
nt

at
io

n


